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COMPRESSION-IGNITION INTERNAL COMBUSTION ENGINE 



CROSS-REFFRENCE TO RELATED APPLICATION S 
[0001] This is a U.S. National Ph ase of International Application No. 
PCT/DE02/04205. ffled Junp 25. 2004. and claims the benefit of priority under 35 
TT.S.C. §119 based on DE 10329524.0. filed J une 30. 2003. the entire disclosures of 
which are incorporated herein bv reference. 

tt A (TKGROUND AND SUMMARY OF THE INVENT ION 

[0002] The invention relates to a compression-ignition internal combustion engine, 
in which fuel is injected into a combustion space by mcano of an injection nozzle 
having a plurality of injection bores. 

[0003] In direct-injection internal combustion engines with compression ignition, 
for the configuration of a load-dependent fuel injection, injection nozzles are used in 
which the configuration of the injection profile is controlled by mcano of a 
corresponding construction of the injection nozzle. This is intended to improve mixture 
preparation in the combustion space and therefore the formation of emissions in the 
exhaust gas. Furthermore, the functioning of downstream exhaust gas treatment can 
be optimized. 

[0004] DE 19953932 Al discloses a method in which a combined 
homogeneous/heterogeneous type of operation of an internal combustion engine for the 
achievement of medium and higher powers is proposed. In this context, both early 
homogeneous mixture formation in the compression stroke and subsequent 
heterogeneous mixture formation around top dead center are to become possible by 
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moons of an injection strategy, fuel injection taking place at a lower injection pressure 
during homogeneous mixture formation than during heterogeneous mixture 
formation, in order to avoid fuel being applied to the cold combustion space walls. 
Experience has nevertheless shown that, in spite of the measures proposed above, 
increased exhaust gas emissions continue to occur. Further measures, by means of 
which the exhaust gas emissions are minimized, must therefore be taken. 

[0005] The object on which the invention is based is to provide an internal 
combustion engine with compression ignition, by moans of which mixture formation 
and combustion in the combustion space are improved. This is achieved, according to 
the invention as follows , by moans of tho features of claim 1 . 

[0006] The internal combustion engine according to the invention is distinguished 
in that fuel is injected, by moans of an injection nozzle having a nozzle needle and 
possessing a plurality of injection bores, into a combustion space formed between a 
piston and a cylinder head, in the form of a plurality of fuel jets as a main injection 
and, if appropriate, as a preinjection and/or postinjection, the injection bores of the 
injection nozzle being arranged in at least two different separately activatable rows of 
holes, and an operating stroke of the nozzle needle being capable of being set by moons 
of the control unit as a function of a piston position (q>) and/or of an operating point of 
the internal combustion engine (1). 

[0007] Accordingly, a controlled injection of the fuel for varying the jet length in the 
combustion space can be carried out as a function of the piston position in the cylinder, 
with the result that the intermixing of the injected fuel with the combustion space air, 
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particularly during preinjection and postinjection, takes place before the cylinder wall 
is reached. A wetting of the cylinder wall with fuel can thereby largely be avoided. 
[0008] According to a refinement of the invention, the rows of holes of the injection 
nozzle have different injection-hole cone angles. The fuel can thereby, in particular, be 
introduced into the combustion space at a steeper injection angle during a preinjection 
or during a postinjection than during the main injection. The jet length in the 
combustion space can thus be adapted as a function of the distance between the 
injection nozzle and the piston, so that a variation in the jet length in order to optimize 
the mixture formation is thereby ensured or made possible. 

[0009] In a further refinement of the invention, a first row of holes of the injection 
nozzle is activated during main injection and a second row of holes is activated during 
preinjection and/or postinjection, the injection-hole cone angle of the first row of holes 
being higher than the injection-hole cone angle of the second row of holes. In this case, 
during the main injection, the fuel is injected around a top dead center through the 
first row of holes at a flat injection-hole cone angle, preferably of between 140° and 
160°. By contrast, in the event of early and/or late fuel injection, the fuel is injected 
into the combustion space at a steep injection cone angle, for example of between 60° 
and 160°, through the second row of holes arranged preferably below the first row of 
holes. This makes it possible to have an optimum jet length in the combustion space 
during an injection operation. According to the invention, depending on the operating 
point, an injection operation comprises a main injection and, as required, a 
preinjection and/or postinjection. 
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[0010] According to a further refinement of the invention, a fuel injection pressure 
can be set as a function of the piston position (<p) and/or of an operating point. As a 
result, furthermore, the jet length of the fuel introduced into the combustion space can 
be influenced. 

[001 1] In a further refinement of the invention, an operating stroke of the nozzle 
needle of the injection nozzle can be set in such a way that an unstable cavitating flow 
is formed in the injection bores of the injection nozzle. Preferably, during the 
preinjection and/or postinjection, the fuel is injected intermittently in the form of small 
part quantities. Accordingly, owing to the variable setting of the operating stroke of 
the nozzle needle of the injection nozzle, in the case of each preinjection or 
postinjection part quantity injected into the combustion space, the atomization of the 
respective fuel jet in the combustion space can be reinforced, so that a wall accretion of 
fuel in the cylinder, which, for example, rises continuously in the case of a lower gas 
pressure and lower temperature in the cylinder, is minimized. Thus, according to the 
invention, the range of each part quantity up to a combustion space wall is limited and 
an intensified break-up and evaporation of the injection jet or of the part quantity, 
particularly with an increasingly later start of injection, are achieved. 
[0012] According to a further refinement of the invention, a swirl movement can be 
set in the combustion space of the internal combustion engine. Preferably, a generated 
fuel cloud of a fuel jet (17) is offset or laterally displaced by moan o of the swirl 
movement set in the combustion space, in particular during a fuel injection carried out 
intermittently. As a result, for example, the formed fuel cloud of a part quantity, when 
it penetrates through the combustion space, can be laterally displaced, in particular in 
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the direction of a cylinder wall. The fuel jets or the fuel droplets are thus moved away 
or moved further from the cylinder wall during their propagation, so that they are 
intermixed with the combustion space air or evaporate, in particular during 
preinjection and postinjection, before they reach the cylinder wall. A wall accretion of 
fuel in the cylinder is thus largely prevented. If there is no swirl movement in the 
combustion space, the fuel jet is propagated along an injection-hole center axis and 
impinges onto the cylinder wall on account of the short travel up to the cylinder wall. 
Furthermore, in this case, the preceding jet parcels or the jet parcels emerging first 
from the injection nozzle form a jet duct which results in an accelerated penetration of 
the following jet parcels or part quantities due to a lee effect, so that, in the absence of 
a swirl movement of the combustion space, an impingement of fuel onto the cylinder 
wall becomes more likely. 

[0013] In a refinement of the invention, the operating stroke of the nozzle needle is 
set in such a way that, within the injection nozzle, an effective flow cross section 
between the nozzle needle and a nozzle needle seat amounts to about 0.8 to 1.2 times 
an effective flow cross section of the sum of all the injection bores. A desired throttling 
action can thereby be achieved in a controlled way in the seat of the nozzle needle and 
gives rise to an unstable cavitating flow in the injection bores of the injection nozzle. 

[0014] In a further refinement of the invention, the piston has a piston recess 
which is of dish-shaped design, a projection extending from the center of the piston 
recess in the direction of the injection nozzle. Owing to the dish-like basic shape, no 
narrow radii on the surface or cross-sectional jumps in the piston head occur in the 
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piston recess, so that, when the internal combustion engine is in operation, if fuel 
droplets impinge onto the recess, these evaporate quickly. 

[0015] According to a further refinement of the invention, the piston recess has, 
starting from the piston head, first, a flat entry with a low curvature and, from the 
region of the maximum recess depth, a greater curvature extending into the piston 
recess projection. This prevents an accretion of fuel in the region of the piston head 
and thus achieves a minimization of exhaust gas emissions. Preferably, the piston 
recess projection has a cone angle in a range of 90° to 160°. 

[0016] Furthor advantages may bo gathered from tho following drawing 

doocription. Exemplary ombodimonto of tho invention arc illuotratcd in the drawing, 
in which: 

[0017] Other obj ects, advantages, and novel features of the present invention will 
become apparent from the following detailed description of the invention when 
consider ed in conjunction with the accompanying drawings, for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] fig. 1 shows a diagrammatic cross section through an internal combustion 
engine with compression ignition, 

[0019] fig. 2 shows a diagrammatic cross section through an injection nozzle with 
two differently activatable rows of holes having different injection-hole cone angles in 
accordance with an embodiment of the present invention . 

[0020] fig. 3 shows a diagrammatic illustration of injected fuel jets through an 
injection nozzle according to fig. 2, 
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[0021] fig. 4 shows a diagrammatic arrangement of the injection nozzle according 
to fig. 2 above a piston recess of the internal combustion engine according to fig. 1, 

[0022] fig. 5 shows a diagrammatic illustration of a cross-sectional view of the 
piston recess according to fig. 4, 

[0023] fig. 6 shows a diagrammatic illustration of intermittent injection jets with 
and without swirl in accordance with an embodiment of the present invention , 

[0024] fig. 7 shows a graph of the profile of the intermittent fuel injection 
according to fig. 6, 

[0025] fig. 8 shows a diagrammatic illustration of a throttling action in the nozzle 
hole of a multihole nozzle for the formation of an unstable cavitating flow in 
accordance with an embodiment of the present invention , 

[0026] fig. 9 shows a diagrammatic illustration of a fuel injection into the 
combustion space of the internal combustion engine according to fig. 1 with different 
injection-hole cone angles. 

DETAILED DESCRIPTION 

[0027] Fig. 1 shows an internal combustion engine 1, in which a crankshaft 2 is 
driven via a connecting rod 4 by a piston 5 guided in a cylinder 9. Between the piston 5 
and a cylinder head 10, a combustion space 8, which comprises a piston recess 6 
introduced into the piston head 7, is formed in the cylinder 9. 

[0028] During the clockwise rotation of a crank 3 of the crankshaft 2 on a crank 
circle 11, the combustion space 8 is reduced in size, the air enclosed in it being 
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compressed. The charge exchange in the combustion space 8 takes place via gas 
exchange valves and gas ducts, not illustrated, in the cylinder head 10. 

[0029] When the crank 3 reaches a top dead center 12, designated below by TDC, 
the end of compression is reached. The current position of the piston 5 in relation to 
the cylinder head 10 is defined by the crank angle (p with respect to the top dead 
center 12. 

[0030] An injection nozzle 13 having a plurality of injection bores 21 is arranged 
centrally in the cylinder head 10. The injection bores are in each case inclined at an 
angle of 30° to 80° with respect to the nozzle axis. The injection-hole cone angle 
amounts to approximately 60° to 160°, preferably 80° to 140°. It may, in principle, be a 
question of a conventional and therefore cost-effective hole nozzle of the seat-hole, 
mini-blindhole or blindhole type. The injection nozzle 13 is activated via a signal line 
15 and an actuator 14, for example a piezoelectric actuator, by an electronic control 
unit 16, the engine control. The injection jets emerging from the injection nozzle are 
designated by 17. 

[0031] The fuel is made available in a plurality of pressure stages by an injection 
pump 18, a control valve 20, expediently an electronically activatable solenoid valve, 
limiting the respective maximum pressure in the fuel line 19. Preferably, the injection 
pressure is adapted by means of a suitable injection system. In this case, an injection 
system controlled by needle stroke, with corresponding pressure modulation, may be 
used. 

[0032] According to the invention, the injection nozzle 13 has four to fourteen 
injection bores 21 which are arranged so as to be distributed over the circumference, 
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preferably in one or two rows of holes. Preferably, the injection nozzle 13 is designed as 
an internally opening coaxial varionozzle which has two differently activatable rows of 
holes Lri and Lr2. Preferably, an injection nozzle is used, which is designed, with 
variably switchable rows of injection holes according to fig. 2, as a coaxial varionozzle 
of the company Bosch, in conjunction with direct piezoelectric activation. 

[0033] The first row of holes Lri preferably has an injection-hole cone angle cti of 
between 140° and 180°. This serves for illustrating conventional lean-burn operation 
and is arranged above the second row of holes Lr2 according to fig. 2. The second row 
of holes has a smaller injection-hole cone angle ot2, preferably of between 60° and 140°. 
It serves, in particular, for the configuration of rich-mix combustion with postinjection 
and, if appropriate, preinjection. By the second row of holes Lr2 having the smaller 
injection cone angle (X2 being activated, a free jet length is prolonged, for example in 
the case of late postinjection, for example at 70° CA to 90° CA after TDC according to 
fig. 3, image on the right. The fuel jet 17 thus does not impinge onto the cylinder wall, 
but is directed in the direction of the piston recess 6 or toward the piston head 7. 

[0034] The injection nozzle 13 has a nozzle needle 13a, illustrated in fig. 8, which is 
connected to a control element, not illustrated. By the nozzle needle 13a being 
activated by the control element, it is moved, in order to open or to close the injection 
nozzle 13. In this case, in an operating position, a defined operating stroke h is set as a 
function of the operating point and/or as a function of the crank angle cp. A fuel 
throughflow can then be determined or varied as a function of the operating stroke h 
and of an opening time or cycle duration and also of the set fuel injection pressure. 
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[0035] According to fig. 4, the injection nozzle 13 is arranged above a piston recess 
6 which is introduced in the piston head 7 and which is arranged centrally in the 
combustion space 8 of the internal combustion engine 1. The piston recess 6 is of dish- 
shaped configuration, a projection being located, as a piston recess tip 6a, in the center 
of the piston recess 6. The piston recess tip 6a is bordered by a recess bottom 6b, the 
recess tip 6a projecting in the direction of the injection nozzle 13. The dish-shaped 
design of the piston recess 6 ensures that, in conventional lean-burn operation with 
main injection around top dead center TDC according to fig. 3, image on the left, no 
over-enrichment of the mixture in the piston recess occurs. 

[0036] According to fig. 5, the piston recess 6 has at the edge, as a transition to the 
piston head 7, a radius Rl which preferably amounts to between three and seven mm. 
The outer regions of the recess bottom 6b are designed with a spherical radius R2 of 
between 40 mm and 50 mm. The transition from the piston recess tip 6a to the piston 
recess bottom 6b has a curvature with a radius R3 of about 16 to 24 mm. The piston 
recess tip 6a is located approximately opposite the injection nozzle 13. The depth of the 
piston recess 6 increases from the edge of the piston recess 6 toward the piston recess 
bottom 6b. The piston recess tip 6a extends, opposite the injection nozzle 13, in such a 
way that it remains arranged approximately below the piston head 7. The distance dl 
between the upper point of the piston recess tip 6a and the piston head amounts to 
about 3 mm to 10 mm, and dl may preferably be designed to be between 5 mm and 
8 mm. The recess bottom depth d2 amounts to about 15 mm to 20 mm. The dish-like 
basic recess shape has a rounded transition to the piston head in the edge region of the 
piston recess 6, in order to avoid accumulations of fuel. 
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[0037] The piston recess tip 6a is designed in a cone-like manner with a recess cone 
angle p in the range of 90° to 130° and is formed with a rounded tip having a radius 
R4 of about 3 to 7 mm. The fuel cone angle a and the position of the piston recess tip 
6a cooperate in such a way that the propagation of the fuel jets is not disturbed by the 
piston recess tip 6a. This ensures that the fuel jets impinge in the region of the piston 
recess 6 approximately in each piston position in the cylinder. 

[0038] During the main injection, the piston recess shape has a highly 
advantageous effect, so that, for the heterogeneous combustion phase, thermal NO 
formation is markedly reduced, since the oxygen concentration due to a preceding 
homogeneous combustion fraction is reduced as a result of preinjection. In the event of 
late fuel postinjection, for example 80° CA after TDC, the fuel is introduced through 
the lower row of holes Lr2 into the combustion space 8 at a steep injection angle of 60° 
to 140°, with the result that the free jet length is prolonged according to fig. 5 and fig. 
3, image on the right. 

[0039] When preinjection and postinjection are carried out intermittently, the 
combustion space configuration according to the invention, that is to say the design of 
the injection nozzle 13 and the piston recess shape and its arrangement in the 
combustion space 8, have a very positive effect in preventing a wetting of the 
combustion space walls with fuel, since the injection nozzle 13 is arranged in the 
region of a cylinder center axis in the cylinder head 10 and the piston recess 6 located 
in the piston head 7 is arranged opposite. 

[0040] According to the invention, the formation of a swirl movement in the 
combustion space 8 is provided as a further measure for reducing the wetting of the 



Atty. Dkt. No. 095309.57216US 
Marked-up Copy of Substitute Specification 

combustion space walls with fuel, this measure having a positive effect on the 
operation of the internal combustion engine, particularly during intermittent fuel 
injection in the case of the present combustion space configuration. If there is no swirl 
in the combustion space 8, the injected fuel part quantities of a fuel jet then follow a 
corresponding profile according to fig. 6, image on the right, which illustrates 
diagrammatically a sector of the combustion space 8 in which an intermittent injection 
jet from an injection bore is propagated along an injection-hole or jet center axis 25 in 
the direction of the cylinder wall. Fig. 7 illustrates a cycle in which, for example, three 
fuel part quantities Ti, T2 and T3 are injected into the combustion space. According to 
the invention, the cycling may be carried out as twofold to eightfold cycling. 

[0041] According to fig. 6, image on the left, in the case of intermittent injection, 
the trajectory of the individual fuel part quantities Tid, T2D and T3D is deflected 
markedly from the jet center axis 25 when the charge movement in the combustion 
space 8 has a swirl. By contrast, according to fig. 6, image on the right, the fuel part 
quantities impinge onto the combustion space wall on account of the shorter travel to 
the cylinder wall. If there is a swirl movement in the combustion space 8, then the free 
jet length up to the cylinder wall is prolonged, as compared with the profile of the 
trajectory of the individual fuel part quantities Ti, T2 and T3 in the image on the right. 
A wall accretion of fuel can thereby largely be avoided. 

[0042] Accordingly, it is expedient, in addition, to generate a switchable variable 
swirl in the combustion space 8 of the internal combustion engine 1, so that a mixture 
cloud of an injection part quantity, particularly in the case of preinjection and/or 
postinfection, is assisted by an adapted swirl movement of the charge in the 
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combustion space, and, at the same time, the jet penetration depth is reduced. The jet 
lobe or the mixture cloud of an injection cycle is therefore rotated as a result of the 
swirl flow to an extent such that, dining a following injection cycle, the newly formed 
jet lobes do not penetrate into the mixture cloud of the preceding injection part 
quantity. Local overenrichments and the jet penetration depths are thereby reduced, 
with the result that fewer soot particles are formed. 

[0043] Pig. 8 gives a diagrammatic illustration of the injection nozzle 13 of the 
blindhole nozzle type, although a nozzle of the seat-hole nozzle type may be used. In 
the injection nozzle 13 according to fig. 6, the action of an unstable cavitating flow 
caused in a nozzle hole 21 of the injection nozzle 13 in the case of a low needle stroke h 
of the nozzle needle 13a, that is to say with the injection nozzle 13 partially open, and 
the effect, thereby achieved, on a propagation angle 0C3 of the injection jet 17 are 
illustrated. 

[0044] On the right side in fig. 8, the injection nozzle 13 is only partially open, with 
the result that throttling in the nozzle needle seat 22 is achieved. This throttling gives 
rise, in the nozzle hole 21, to a turbulent or unstable cavitating flow which leads to a 
high propagation angle ct3 of the fuel jet 17. In comparison with a fully open injection 
nozzle with a maximum stroke setting, as illustrated on the left side of fig. 8, the 
propagation angle 0C3 caused by the unstable cavitating flow is higher than a 
propagation angle ot4 which is brought about without such a flow. The unstable 
cavitating flow gives rise to pronounced fluctuations in the internal nozzle flow 23, 
which, when fuel emerges from the nozzle hole 21, lead to an increased fuel jet 
breakdown and therefore to a high propagation angle 013. 
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[0045] The fuel jet having the propagation angle <X3 is propagated in the 
combustion space with intensive atomization and thus brings about better 
homogenization and rapid fuel evaporation, so that more fuel can be injected in a part 
quantity for preinjection or postinjection, without any appreciable wetting of the 
combustion space wall. By contrast, in the case of the injection nozzle 13 having the 
maximum stroke setting according to the left side in fig. 8, a two-phase flow 24 is 
generated inside the nozzle hole 21 on the left side and leads to a conventional fuel 
breakdown. As compared with a partially open injection nozzle, the propagation angle 
014 is lower than the propagation angle <X3. 

[0046] A controlled setting of a desired throttling action in the seat of the nozzle 
needle can be assisted by means of a suitable structural measure, for example using a 
two-spring holder on the injection nozzle, the dwelling of the nozzle needle in an 
operating stroke position lying between the fully closed and fully open position being 
implemented. Alternatively, this setting may be implemented via a nozzle needle 
controlled directly by means of a piezoelectric actuator. By a throttling action being 
achieved in the injection nozzle seat by means of the setting of the operating stroke h 
and the activation of the rows of holes as a function of the operating point and/or of the 
piston position, a limitation or variation of the range of the injected fuel jets 17 is 
achieved. 

[0047] In order to achieve as high a propagation angle ot3 as possible in the case of 
a partially open multihole injection nozzle, activation should preferably take place in 
such a way that the effective flow cross section in the needle seat preferably amounts 
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to about 0.8 to 1.2 times an effective flow cross section of the sum of all the cross 
sections of the injection bores. 

[0048] Pig. 9 illustrates the effect of a selection of lower injection-hole cone angles, 
for example 60° instead of 140°. As a result, in the event of late postinjection, for 
example 70° CA to 90° CA after TDC, the free jet length is prolonged. The fuel jet is 
then not directed toward the cylinder wall, but toward the piston surface or in the 
direction of the piston recess. 

[0049] Further measures for optimizing the mixture formation when the internal 
combustion engine 1 is in operation can be implemented by varying an executed 
cycling as a function of the operating point and/or by varying the fuel injection 
pressure. For example, main injection is carried out, in a range of between 10° CA 
before TDC to 40° CA after TDC, at a higher injection pressure than during 
preinjection and postinjection. In this case, a greater needle stroke h is set during 
main injection than during preinjection. The injection of an additional fuel quantity in 
the form of postinjection can be carried out, particularly dining a rich-mix phase, by 
means of twofold to eightfold cycled injection in the expansion stroke over an interval 
of approximately 20° to 150° CA after TDC. The individual injection cycles for injection 
are adapted in terms of duration, injection pressure, needle stoke profile and the 
interaction with the internal cylinder flow, in such a way that the best possible 
mixture distribution is achieved. An application of fuel to the cylinder wall is thus 
largely prevented. 

[0050] The needle stoke setting is carried out differently during postinjection, in 
which case it is preferably subsequently set lower. In this case, dining postinjection, 



Atty. Dkt. No. 095309.57216US 
Marked-up Copy of Substitute Specification 

and in the case of a variable needle stroke, a constant fuel injection pressure is set, 
which is preferably higher than that during preinjection and lower than that during 
main injection. Preferably, the cycling during postinjection is carried out in such a way 
that the first fuel part quantity of postinjection is greater than the following fuel part 
quantity. 

[0051] It is expedient that different fuel pressure change rates are set during 
preinjection and postinjection, since different combustion reactions take place in the 
combustion space 8 both during preinjection and during postinjection and give rise to 
unequal combustion space pressure profiles or temperature profiles. For example, a 
combined homogeneous/heterogeneous operation of the internal combustion engine 
with fourfold cycled preinjection and a rising cycle duration, along with a constant 
injection pressure, is carried out, during which the nozzle needle 13a dwells in a lower 
stroke position. Main injection then takes place at an increased injection pressure and 
with a maximum set needle stroke h. Postinjection with a decreasing cycle duration, 
along with a constant injection pressure, is subsequently carried out. Preferably, 
cycling during postinjection is carried out in such a way that the first fuel part 
quantity of postinjection is greater than the following fuel part quantity. 

[0052] Preferably, the overall injection quantity of preinjection preferably amounts, 
particularly in the case of the abovementioned injection strategies, in the lower part 
load range, that is to say up to a 70% load, to about 20% to 50% of the main injection 
quantity and, in the upper load range, that is to say from a 70% load to full load, to 
about 10% to 30% of the main injection quantity. It is in this case selected such that 
knocking combustion is reliably avoided. This homogenized fuel fraction then burns, 
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approximately free of soot and of NOx, but already generates a considerable fraction of 
the CO emission required for NOx reduction at the NOx storage catalytic converter 
and delivers an important fraction for reducing the air ratio. 

[0053] By virtue of the combustion space configuration according to the invention, 
in conjunction with the injection nozzle according to the invention, increased 
homogenization is achieved in the case of early or late introduction of fuel, so that an 
application of fuel to the cylinder wall can be prevented. At the same time, the 
combustion space shape provided has a highly advantageous effect on heterogeneous 
mixture formation during main injection. Combined homogeneous/ heterogeneous 
operation within a work cycle can thereby be organized by means of a conventional 
multihole nozzle. 

[0054] The present internal combustion engine 1 is suitable particularly for a 
combined homogeneous/heterogeneous combustion method with compression ignition, 
so that conventional lean-burn combustion, known from diesel engines, and rich-mix 
combustion for optimizing a following exhaust gas treatment system, designed 
particularly for internal combustion engines operated with lean burn, can be carried 
out. The internal combustion engine 1 is normally operated largely with lean burn 
and, if required, for optimizing the following exhaust gas purification system, with a 
rich mix. Both in the lean-burn operation and in the rich- mix operation of the internal 
combustion engine 1, the fuel quantity to be introduced can be introduced into the 
combustion space by being divided up as a preinjection, a main injection and a 
postinjection quantity as a function of the operating point. When the internal 
combustion engine 1 is in operation, measures are taken to avoid the accretion of 
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liquid fuel in conjunction with postinjection provided after main injection or with 
preinjection provided before main injection, so that an early intermixing with the 
combustion air contained in the combustion space takes place. These measures may be 
carried out individually or in combination with one another, so that any conceivable 
combination of these measures may be selected, as required. 

[0055] The foregoing disclosure has been set forth merely to illustrate the 
invention and is not intended to be limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of the invention may occur to 
persons skilled in the art, the invention should be construed to include everything 
within the scope of the appended claims and equivalents thereof. 

WHAT IS CLAIMED IS: 



